Solar energy is the cleanest and the most environmental friendly available power source. The use of solar energy in the recent years has reached a remarkable edge. Solar energy collectors are special kinds of heat exchangers that transform solar radiation energy to internal energy of the transport medium. The main objective of this work is evaluation of the advantages of the solar energy for securing domestic energy in the city of Dehloran, Ilam province, Iran. The mean ambient temperature of this region in the summer and winter are in the range of 28-48.9°C and 16.4-24.9°C, respectively. Because of its sunny sky almost throughout the year, the temperature of this city is high. The results showed that by considering the specific condition of Dehloran city, utilizing solar collectors is useful for securing domestic energy in economical aspects.
INTRODUCTION
The Sun emits energy at a rate of 3.8 × 10 23 kW, of which, approximately 1.8 × 10 14 kW is intercepted by the earth, which is located about 150 million km from the sun (Nordell and Hellstrom, 2000) . Nearly about 60% of this amount (1.08 × 10 14 kW) reaches to the surface of the earth. Solar energy is such an abundant, renewable and clean resource (Balat, 2005; Granovskii et al., 2007) . Today, the problems of energy are considered as important discussions around the world and a brief look at energy consumption shows that the progress of a country is directly related to its energy resources. Nowadays, most of the world's energy is provided by fossil sources (Dahl et al., 2004) but some problems such as limitations on fossil sources and environmental effects made by using fossil energies has attracted some attention (Sun et al., 2009; Xu et al., 2011) . Moreover, the world daily oil consumption is about 76 million barrels (Kalogirou, 1997; Dincer, 1998) . Despite the well-known environmental consequences of fossil fuel combustion, increasing oil consumption is expected to be 123 million barrels per day by the year 2025 (Dincer, 1998) . International economic and political crisis and conflicts can also be initiated by shortage of oil or gas (Segal and Epstein, 2003) . Moreover, burning fossil fuels releases harmful emissions to environment such as carbon dioxide, nitrogen oxides, aerosols, etc, which affect the local, regional and global environment (Kalogirou, 2004) . In addition, the main problem is that the existing oil and gas reservoirs, at current rates of consumption, would be adequate to meet consumption demand for only 40 and 60 years later on, respectively. The reserves of coal are in better situation because they would be sufficient for at least the next 250 years (Ozalp et al., 2009; Erdem, 2010) .
The greatest advantage of the solar energy in comparison with the other forms of energy is that it is clean and can be supplied without any environmental pollution. Over the past century, fossil fuels have provided most of our essential energy because these are much cheaper and more convenient than the alternative energy sources, and until recently environmental pollution has been of little concern (Kalogirou and Papamarcou, 2000) .
The major problems facing solar absorption cooling systems are their high initial cost, low system performance and short-time usage of solar energy during a day's operation. Some improvements have been made in the past three decades in the main components of the collector, the absorption chiller, and hot water storage tank. To obtain solar cooling effect for a longer period during a day, use of the evacuated tubular solar collectors was suggested (Yang et al., 1997) . By considering the point that the price of oil has become firmly established as the price leader for all fuel prices, it is concluded that the energy prices will increase over the next decades. In addition growing the environmental pollution is concerned to the burning of the fossil fuels. The continuous research for an alternative power source due to the perceived scarcity of fuel fossils is its driving force. It has become even more popular as the cost of fossil fuel continues to be raised. Therefore, the solar energy can be used for pre-heating of incoming water and fuel and electricity uses are minimized. Iran has a high amount of renewable energy sources. This region of the word has favorable conditions for profitable use of wind energy. Iran gives very good opportunities for the extension in use of waterpower and it is an ideal setting for the use of solar energy (Abbaspour and Hennicke, 2005) .
The average global radiation of Iran is about 19.23 (MJ/m 2 )/day (= 5.3 (kWh/m 2 )/day) (Azad, 1993) and it is even higher in the central region of Iran, with more than 7.7 hours per day (more than 2,800 hours per year). The level of incoming global radiation (∼2000 (kWh/m 2 )/year) in Iran is one of the highest in the world. Taking into account the wideness of Iran's territory (∼1648000 km 2 ), the total amount of radiation in Iran is about 3.3 × 10 15 KWh per year (Kazemi Karegar et al., 2005) ; this is thirteen times higher than the total energy consumption in Iran. In this paper, different types of solar collectors are introduced. Moreover, the cost and benefit of using solar energy instead of fossil energy in the Dehloran city of Ilam province, Iran, located in the southwest parts of Iran, are evaluated. The mean ambient temperature in the region under study for summer is in the range of 28°C-48.9°C, while the corresponding values for winter is in the range of 16.4°C-24.9°C (The Iranian Statistics Center, 2009 ). Furthermore, the solar radiation is reached to the earth's surface almost more than 11 hours per day.
SOLAR COLLECTORS
Solar thermal systems are non-polluting and offer a significant protection of the environment. The reduction of greenhouse gasses pollution is the main advantage of utilizing solar energy. Therefore, solar thermal systems should be employed whenever possible in order to achieve a sustainable future (Kolb et al., 1999) . Solar energy collectors are special kinds of heat exchangers that transform solar radiation energy to internal energy of the transport medium. The major component of any solar system is the solar collector. This is a device which absorbs the incoming solar radiation, converts it into heat, and transfers this heat to a fluid (usually air, water, or oil) flowing through the collector. (Khattab and Barakat, 2002; Romero et al., 2002) . Solar energy collectors are basically distinguished by their motion, i.e. stationary, single axis tracking and two axes tracking, and the operating temperature. Three types of energy collectors are as follow:
(1) Flat plate collectors (FPC) (Tripanagnostopoulos et al., 1996; . (2) Evacuated tube collectors (ETC) (Lin and Furbo, 1998; Grass et al., 2000) . (3) Stationary compound parabolic collectors (CPC); (Kalogirou et al., 1994; Kalogirou, 1996) . The characteristics of different types of solar energy collectors are listed in Table 1 .
RESULTS AND DISCUSSION

Investigation of solar energy in Dehloran city, Ilam province, Iran:
The average solar radiation of Iran is about 19.23 Mega Joules per square meter (MJ/m 2 ), and it is higher at the central part of Iran. The radiation varies from 2.8 kWh/m 2 in the southeast part to 5.4 kWh/m 2 in the central region of Iran (Azad, 1993) . It has been reported that the useful time of solar radiation in Iran exceeds 2800 hours per year (The Iranian Statistics Center, 2009 ). Dehloran city is located in the region of Ilam province at the southwest of Iran. Based on the calculations done for Dehloran city at the latitude and longitude of 22°0′ -32°30′ N and 46°15′-48°15′ E, respectively, it was determined that this city receives 2860 hours of the sun ray annually. According to the METEONORM, the nearest meteorological station was located at the suburb of Dehloran city. The average annual daily temperature of that region is 25.1-27.1°C. Table 2 shows the average temperature of Dehloran city for different months of the years 1997 to 2009. The average temperature in longer times is in the range of 13.2-39.1°C and the average annual temperature is from 25.1 to 27.1°C. As previously pointed out, Dehloran city enjoys from 2860 hours of sunlight in a year and from the average daily irradiation of 22 mega joules per square meter. Therefore, the solar energy would be a good replacement for fossil fuel in this place because this area has only a few rainy days in year. The model of received solar energy by a solar collector is shown in Figure 1 (Kalogirou, 2004) .
The collector has the aperture area of A a and receives solar radiation at the rate of Q * from the sun. The net solar heat transfer (Q * ) is proportional to the collector area (A a ) and also the proportionality factor (q * (W/m 2 )) which varies with the geographical position on the earth, the orientation of the collector, the meteorological conditions and the day length. Furthermore, q * is the solar energy falling on the reflector and q o * is the radiation falling on the receiver. The incident solar radiation is partly delivered to a power cycle as heat transfer Q at the receiver temperature T r . Therefore, the remaining fraction Q represents the heat loss between the collector and the ambient:
( 1) where, Q o is given by:
where, U r is the overall heat transfer coefficient based on A r (W/m 2 .K). In Eq. (2), A r is the receiver area (m 2 ), T r (K) is the temperature of the absorber (receiver temperature) and T o (K) is the ambient temperature.
If the ambient temperature is high, the heat loss transferred to the environment decreases and the received energy by the solar collector (or receiver) increases (see Eq.
(1)).
The maximum average temperatures of Dehloran city for different months of the years 1997 to 2009 are shown in Table 3 . The maximum average temperature in longer times is in the range of 17.6-46.5°C and the annual maximum average temperature is Table 4 shows the minimum average temperature of Dehloran city in different months of the years 1997 to 2009. The minimum average temperature in longer times is in the range of 8.3-29.7°C and the annual average temperature is from 19.1 to 20.5°C. In winter, when the most regions of Iran have the temperatures lower than 0°C, the temperature of this city in the cold days of the year is in the range of 8.3-29.7°C and more bright days of the years. In addition, Kalogirou (2004) suggested a formulation for the solar energy received by solar collector as follows: (3) where, q u (W) is the rate of benefit energy delivered by the collector, G b is the direct irradiation (W/m 2 ), n o is the collector optical efficiency and A a is the absorber area (m 2 ). Eq. (3) shows that the Dehloran's environmental condition for the solar energy absorbed on the solar collector is better than the other areas of Iran (this city has the highest value of benefit rate of energy delivered by the collector).
In the southern and southwestern parts of Iran, use of the heating installations is not customary throughout the year due to the climatic conditions. The benefits of installation and operation of renewable energy systems can be classified into three categories; energy saving, generation of new working posts, and decreasing the environmental pollution (Thirugnanasambandam et al., 2010) .
Economy problems
The energy saving benefits derive from the reduction in consumption of the electricity and/or diesel, which are conventionally used to provide energy. These benefits can be directly translated into monetary units according to the corresponding production or avoiding capital expenditure for the purchase of imported fossil fuels. A relationship between the cost and benefit using solar energy instead of fossil fuel can be given by Eq. (4), where S is the total amount of principal plus compounded interest due after n interest periods, P is the initial principal, n is the number of time units or interest periods and i is the discrete compound-interest rate (Peters, 1991) . (4) In this study, the compound interest rate has been used because the interest rate can be utilized for the most engineering studies. In addition, a relationship between the amount of ordinary annuity and the periodic payment is as follows: (5) where, R stands for the uniform periodic payment made during n discrete periods in an ordinary annuity. By a simplification in Eq. (5), the following correlation can be found: 
The term of is commonly defined as the factor of discrete uniform series compound. Furthermore, operating supplies (10-20% of the cost of maintenance and repairs, or 0.5-1% of fixed-capital investment) and Maintenance and repairs (2-10% of fixedcapital investment) are added to total amount of principal plus compounded interest (S).
The economic analysis of solar energy systems is carried out in order to determine the least cost of meeting the energy needs by considering both solar and non-solar alternatives. The method used for the economic analysis takes into account the time value of money and allows detailed considerations of the complete range of costs. Thus, the comparison of an initial known investment with the estimated future operating costs is the basic economic problem. Energy conversion systems that are based on renewable energy technologies appeared to be more cost effective compared to the proposed high cost of oil. Furthermore, renewable energy systems can have a beneficial impact on the environmental, economic, and political issues of the world. With consumption increase of the domestic natural gas sources, it is likely that gas prices will be more volatile than those in the past. Recently, Bolinger et al. (2006) proposed that an adjustment ranging from $ 0.5 to $ 0.8/MMBtu (4-6 cent/kWh at the heat rate of 7000 Btu/kWh) is a reasonable start point. The oil prices in the world are now in the range of 100-120 US $ per barrel (Crude Oil and Commodity Prices, 2011) . Furthermore, international economic and political crises and conflicts can be initiated by shortage of the oil or gas sources. So, use of solar energy is highly recommended in the near future.
Cost-benefit of the solar collector System in Dehloran city by considering the current fuel prices:
A solar water heating plant from the type of typical two-floor with the total surface of nine square meters, the storage capacity of 400 liters and, investment cost of about 1,588 US $ is considered in the calculations (Abbaspour and Hennicke, 2005) . Assuming a lifetime of 25 years and a nominal interest rate of 22 percent, the annual fixed cost of the solar thermal plant would be 352 US $. The annual cost of operating supplies and servicing will be 0.5-1.0 percent of the investment costs or, as assumed here, 13 US $ in the first year and the annual maintenance and repairs costs of 80 US $ (average over lifetime). The annual total cost of the solar thermal plant would be 445 US $ (average over lifetime).
The oil prices in the world are in the range of 90-110 US $ per barrel (the prices have been reported in the years of [2009] [2010] [2011] . The value of a substituted kWh of diesel oil would be 0.056 US $. For the solar thermal plant this means that the energy savings would be about 506 US $ per year at the beginning of its lifetime. The costbenefit ratio for a private investor would be about 0.87 per year. It means that the benefit of the energy saving would be 1.13 times higher than the cost.
The savings value by the solar plant instead of fossil fuels is about 324 US $ in the first year by assuming the gas price of 0.36 US $/liter or 0.037 US $/kWh. Figure  2 shows a comparison between the cost of solar water heating system and the total
costs of fossil fuels in the world and Iran. This figure shows that the cost of solar energy investment in Iran is lower than that of the world. This factor can be attributed to the low manpower cost. Moreover, the proper environmental conditions cause that the efficiency of solar systems in Iran is more than that of the world. Figure 3 shows the cost-benefit of the solar water heating system. Compared to today's Iranian gas prices (the average price of 90 $/barrel), the oil prices in 2011 has been fluctuating between 100 and 120 $/barrel. As it can be seen in this figure, if the solar energy is invested in Iran and instead the equivalent amount of natural gas is exported, the return on investment is positive. The methods used for the economic analysis consider the time value of money and also allow the detailed considerations of the complete range of costs. Life cycle cost (LCC) is sum of all the costs associated with an energy delivery system over its lifetime at today's money, and takes into account the time value of money. Life cycle savings (LCS), for a solar plus auxiliary system, is defined as the difference between the LCC of a conventional fuel-only system and the LCC of the solar plus auxiliary system. This is equivalent to the total present worth (PW) of the gains from the solar system compared to that of the fuel-only system. In addition, it was found from Figures 2 and 3 that use of the solar collectors is economically appropriate for Dehloran city. Solar savings for each year is sum of the following items:
1.
Extra maintenance cost 2.
Fuel savings 3.
Extra tax savings
CONCLUSION
The main objective of this paper is investigation of the solar energy advantages for securing domestic energy in Dehloran city of Ilam province, Iran. The average solar radiation in Iran is about 19.23 MJ/m 2 and the highest solar radiation in Iran appears in the southwest of Iran (Dehloran city). The study shows that Dehloran city receives about 2860 hours of sunlight radiation per year and the annual average daily temperature of this city is in the range of 25.1-27.1°C. The maximum average temperature in more longer times is in the range of 17.6-46.5°C, With regard to this fact that the increase of ambient temperature leads to the decrease in the heat loss to the environment and the received energy by the solar collector (or receiver) increases and consequently, the solar collector performance increases. The Iranian economy would gain net benefits from the investment in the solar thermal energy systems. The other solar thermal systems are non-polluting and offer a significant protection of the environment. The reduction of greenhouse gasses pollution is the main advantage of utilizing solar energy. Therefore, solar thermal systems should be utilized whenever possible in order to achieve a sustainable future.
